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Abstract: The present research examined the “production–living–ecological space”
(“PLES”) by using land use data, the ecological and environmental quality index model,
growth and reduction based on the spectrum, the center of gravity migration model, and
the optimal parameter geoprobe model to further evaluate adjustments to ecological quality
and the driving mechanisms. The findings indicate that (1) spanning the years 2000–2020,
the production space and living area in Panjin increased to 2093 km2 and 380 km2 respec-
tively, and the ecological area of forest land and water area showed a decreasing trend.
(2) The center of gravity of the urban living space and the industrial and mining production
space shifted significantly. (3) The negative effect of the contribution rate was of greater
value than the positive effect. Thus, it can be concluded that the negative effect of “PLES”
is greater than the positive one. (4) The results for this region showed that the mean annual
temperature was the strongest explanation for the spatial variation in natural factors, and
that social factors such as population density also had a strong effect, so an interaction
analysis was carried out to analyze the interaction between the two factors, which showed
that the relationship between mean annual temperature and density of population had the
strongest explanatory power.

Keywords: “PLES”; ecological effect; gravity migration; geographical detector

1. Introduction
The report on “production–living–ecological space (“PLES”)” [1,2] and its general

requirements [3,4] were first proposed in the report of the 18th National Congress of the
Communist Party of China, which states that the national territory is the carrier of ecological
civilization and that every inch of it must be taken care of. “PLES” is an important means
to optimize the national territory’s spatial layout and rationalize the development and
use of resources. National land is the carrier of ecological civilization construction, and
every inch of it must be cherished. The spatial planning of 12 municipalities in Liaoning
Province supports the construction of ’six places’ in Liaoning in the new era—a strategic
support place, a source of technological innovation, a new highland for the advanced
manufacturing industry, a pioneering place for agricultural development, a demonstration
place for the integrated development of culture, sports, and tourism as well as a hub for
openness and cooperation in Northeast Asia. The plan puts forward the development
vision of building “five Panjin” (i.e., ecological green Panjin, petrochemical energy Panjin,
open hub Panjin, exquisite and happy Panjin, and reform and innovation Panjin). Due
to the growth of China’s building land, the encroachment of farmland, etc., since the
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reform and opening-up, the divergence within production, ecological, and living spaces
has become more pronounced, indicating a trend of uncoordinated development while
also contributing to a number of sustainability and environmental problems. For territorial
planning and ecologically sustainable construction, it is crucial to research the changes in
the “PLES” and how they affect the ecological value.

Although the concept of “PLES” is not explicitly mentioned in Western countries, the
idea of “PLES” has been reflected in the land use planning of many countries such as the
“linear city”, “organic evacuation theory”, “urban growth boundary”, “garden city”, “green
belt control”, and so on. The “PLES” planning has a certain reference value. In 1882, the
Spanish engineer Arturo Soria Mata proposed the theory of the linear city, in which the city
develops along a high-speed, high-capacity axis that connects existing “point cities” and
from there spreads out to form a network of cities spread over a vast countryside [5]. After
this, a professor of planning history at Columbia University in the United States based
a large amount of literature on the global development of a linear city comb [6], while
other scholars have added several historical data on the planning of a ribbon city [7,8].
There are some scholars who widely advocate the concept of the linear city [9]. In the
1940s, some scholars even proposed the concept of ribbon industrial cities, which was an
upgrade of the ribbon city theory [10]. British academics proposed the notion of a garden
city near the end of the 1800s when they published their monographs, and the following
year, that is, described the establishment of the field city association to carry out a variety
of activities, and at the same time, attract countries around the world to establish their
field city associations [11]. In the United States, the idea of a garden city has promoted
the development of suburban residential areas, but also gave birth to neighborhood units,
wide acres of cities, and other urban planning ideas and regional planning movements [12].
In 1958, the U.S. government put forward the theory of “urban growth boundary”, the
production, living and ecology space for a specific division [13].

Chinese scholars’ investigations on “PLES” have focused on the concept and theoreti-
cal basis regarding “PLES” such as classification and identification, functional evaluation,
land use transformation, the ecological environment effect, development of spatial and
temporal patterns and driving factors, and spatial optimization. For example, using socio-
economic data from the National Land Survey, we explored the dynamics of “PLES” and
its drivers by applying overlay analysis, spatial autocorrelation analysis, kernel density
analysis, and center of gravity migration and detector [14], while the transfer matrix, stan-
dard deviation ellipse, kernel density analysis, spatial measurement model were used
to explore the emergence of the spatial pattern of the national territory and the driving
mechanism [15]. To analyze the land use process of change and the gradient differentiation
characteristics of the “PLES”, techniques like change mapping, land transfer matrix, topo-
graphic position, and distribution index have been used [16]. The ecological environment
has always been a hot topic in the academic world, but only a few studies have analyzed
the ecological environment effect by using the ecological environment quality index based
on the standpoint of “PLES”. For example, the evolution of land use function features
and its impact on the biological environment can be studied using the transfer matrix and
other techniques [17]. These papers offer helpful references for this research as well as
an empirical basis for examining the dynamics of land use varying over time and space.
Nevertheless, describing the mechanisms of reaction between the ecological environment
and the evolution of “PLES” is also essential. Thus, to give Panjin a point of reference, this
study further investigated the driving causes and connects the emergence of “PLES” with
ecological repercussions.

Panjin City, Liaoning Province, is a typical ecological city. Around the 1990s, due to oil
and gas exploration in the Liaohe Estuary and the boom in offshore mudflat aquaculture, a
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large area of natural wetland vegetation in Panjin was destroyed, and the coastal wetland
ecosystems were also seriously damaged. Therefore, the study of Panjin has a certain
research depth, and this study adopted a transfer matrix, growth and reduction based on
the geo-spectrum, and other techniques to analyze the change of “PLES” and the ecological
environment effects between 2000 and 2020. This study will help to improve the case study
of the ecological impacts of “PLES” in coastal cities and will serve as a foundation and
point for the coordinated improvement, environmental protection, and optimization of
each region.

2. Methods and Materials
2.1. Study Area

Panjin is situated in the geographic heart of the Liaohe Delta in the southwest of
Liaoning, with Anshan to the east and northeast. It is divided from Liaodong Bay on
the shore of the Bohai Sea to the south, from Jinzhou, which is a district to the west and
northwest, and from Yingkou to the southeast corner by the Daliao River. The geographical
coordinates are between 40◦39′N–41◦27N′ and 121◦25′E–122◦31′E. Panjin is located in the
northern temperate zone and has a warm temperate continental semi-humid monsoon
climate. Figure 1 shows Panjin’s geographic location map.

Sustainability 2025, 17, x FOR PEER REVIEW 3 of 19 
 

 

Panjin City, Liaoning Province, is a typical ecological city. Around the 1990s, due to 
oil and gas exploration in the Liaohe Estuary and the boom in offshore mudflat aquacul-
ture, a large area of natural wetland vegetation in Panjin was destroyed, and the coastal 
wetland ecosystems were also seriously damaged. Therefore, the study of Panjin has a 
certain research depth, and this study adopted a transfer matrix, growth and reduction 
based on the geo-spectrum, and other techniques to analyze the change of “PLES” and the 
ecological environment effects between 2000 and 2020. This study will help to improve 
the case study of the ecological impacts of “PLES” in coastal cities and will serve as a 
foundation and point for the coordinated improvement, environmental protection, and 
optimization of each region. 

2. Methods and Materials 
2.1. Study Area 

Panjin is situated in the geographic heart of the Liaohe Delta in the southwest of 
Liaoning, with Anshan to the east and northeast. It is divided from Liaodong Bay on the 
shore of the Bohai Sea to the south, from Jinzhou, which is a district to the west and north-
west, and from Yingkou to the southeast corner by the Daliao River. The geographical 
coordinates are between 40°39′N–41°27N′ and 121°25′E–122°31′E. Panjin is located in the 
northern temperate zone and has a warm temperate continental semi-humid monsoon 
climate. Figure 1 shows Panjin’s geographic location map. 

 

Figure 1. Geographic location map of Panjin. 

2.2. Data Processing 

The information utilized in the current paper can be seen in Table 1. The years down-
loaded were all from 2000 to 2020, and mainly from Geospatial Data Cloud, Open Street 
Map, etc. 

Table 1. Data source. 

Data Source Unit Resolution Ratio Year 

Land use data 
Resource and Environmental Science 

Data Platform 
(https://www.resdc.cn/) 

- 1 km 2000–2020 

DEM Geospatial Data Cloud m 30 m - 
Slope Processed from DEM data ° 30 m - 

Figure 1. Geographic location map of Panjin.

2.2. Data Processing

The information utilized in the current paper can be seen in Table 1. The years
downloaded were all from 2000 to 2020, and mainly from Geospatial Data Cloud, Open
Street Map, etc.

Table 1. Data source.

Data Source Unit Resolution
Ratio Year

Land use data
Resource and Environmental

Science Data Platform
(https://www.resdc.cn/)

- 1 km 2000–2020

DEM Geospatial Data Cloud m 30 m -
Slope Processed from DEM data ◦ 30 m -

https://www.resdc.cn/
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Table 1. Cont.

Data Source Unit Resolution Ratio Year

Mean annual
temperature

National Tibetan Plateau Science
Data Center °C 1 km 2010–2020

Mean precipitation National Tibetan Plateau Science
Data Center mm 1 km 2010–2020

Density of population LandScan dataset People/km2 1 km 2010–2020
Road Open Street Map - - 2020
River Open Street Map [18] - - 2020

GDP

Millions of United
States dollars
(2017 rates) 1 km

2010–2019

Resource and Environmental
Science Data Registry and

Publishing System [19]
Ten thousand yuan 2020

2.3. Methodology
2.3.1. Classification of “PLES” and Land Space Function Assignment

The land use data were divided into production space, living space, and ecological
space according to the different needs of human beings. Referring to related studies [20,21]
and combining with the actual situation of the study area, the ecological environment
quality index table of Panjin area was constructed, as shown in Table 2.

Table 2. Classification of “PLES” and land space function assignment.

Primary Classification Second Classification Land Use Type Ecological Environment
Quality Index

Production space (P) Agricultural production
space (P1) Paddy field, dry land 0.5168

Industrial and mining
production space (P2) Other construction land 0.1500

Living space (L) Urban living space (L1) Urban land 0.2000
Rural living space (L2) Rural residential land 0.2000

Ecological space (E) Forestry ecological
space (E1)

Forested land, thinned forest
land, other woodland 0.8397

Grassland ecological
space (E2)

High-coverage grassland,
medium-coverage grassland,

low-coverage grassland
0.4214

Water ecological space
(E3)

River and canal, lake, reservoir
pond, mudflat, beach land 0.5237

Other ecological space
(E4)

Marshland,
bare rock texture land 0.0213

2.3.2. Transfer Matrix

The transition between various land types is reflected in the land use type transfer ma-
trix [22], which can realize the functional transformation of land use in different scenarios.
Its expression is:

Lij =


L11 L12 · · · L1n

L21 L22 · · · L2n
...

...
. . .

...
Ln1 Ln2 · · · Lnn


where, Li is the area before the transfer, Lj is the area after the transfer, and n is the number
of land use categories.
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2.3.3. Dynamic Attitude

The dynamic attitude index reflects the drastic degree of conversion between dif-
ferent lands at each stage in the geographic area, which can be divided into single and
comprehensive land use dynamic indices [23]. The expression is:

K =
St1 − St2

St1
× 1

t2 − t1
× 100%

where K is the dynamic attitude in the period t1 − t2, and St1, St2 is the area in this period.
Comprehensive land use dynamics indicate general trends in land change [24]. The

formula is as follows:

S =

[
∑n

j=1 ∆Sij

2∑m
i=1 Si

]
× 1

T
× 100%

where S is the integrated land use dynamics in a given time period, Si is the category i
land area at the start, ∆Sij is the area of category i and converted to category j, and T is the
length of the study.

2.3.4. Ecological Environment Quality Index Model

This model can characterize the regional ecological environment quality status and its
expression is:

EVt =
n

∑
i=1

Ati ×
Ri

TAt

The environmental quality index for time t is denoted by EVt, Ati is the area of land use
type i in period t, Ri is the environmental quality index of type i, the total study area is
denoted by TAt, while the variety of kinds of land use is denoted by n.

2.3.5. Ecological Contribution Rate

The effect of each land class conversion on the quality of the local ecosystem standard
can be seen in the ecological contribution rate [25]. Its expression is:

LEI = (LE1 − LE0)×
LA
TA

where LE0, LE1 is the ecological environment quality index that the land use type has at
the opening and conclusion of the change, LA is the area of the changed land, and TA is the
total area.

2.3.6. Center of Gravity Migration Model

The features, migration distance, and direction of different land use categories dur-
ing the process of entering and leaving the country within a specific time frame can be
objectively described using the model [26] with the following formula:

Xt =
n

∑
i=1

(Cti × Xi)/
n

∑
i=1

Cti

Yt =
n

∑
i=1

Cti × Yi

∑n
i=1 Cti

where Xt and Yt are the coordinates of the migration center, Cti is the area of the i unit in
the time period, Xi and Yi are the coordinates of the geometric center of the i, and n is the
total amount of units in the study area.
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2.3.7. Geographical Detector Model

The discretization of spatial data and the appropriate application of probes on the
geographic scale were used, and better outcomes may be obtained by choosing the dis-
cretization method for spatial data and the number of classifications according to the
q-value’s magnitude [27,28]. In this work, multiple classification methods and several clas-
sification intervals were used in the OPGD model to attain the optimal spatial discretization
of the driving factor, with the following formula:

q = 1 − ∑L
h=1 Nhσ2

h
Nσ2

where q is the “PLES” influencing factors’ explanation power index, where a larger value
indicates that the factor plays a stronger role in the process of formation and development
of the pattern of the “PLES”, and the opposite is weaker; L is the influential code; Nh and N
stand for the stratum h and the number of units, respectively; δh2 and δ2 are the variances.

3. Results and Discussion
3.1. Examination of the Ecological Impact of the Evolution of the “PLES”
3.1.1. Ecological Environment Quality Index

As shown in Table 3, in 2000, 2010, and 2020, the ecological environment quality index
of Panjin area was determined to be 0.3688,0.3702, and 0.3576, respectively. Panjin’s ecolog-
ical environment was generally comparatively stable. The index from 2000 to 2020 showed
an upward trend, suggesting that Panjin’s ecological environment quality improved during
this decade. From 2010 to 2020, however, the index showed a downward trend, suggesting
that Panjin had experienced some ecological damage during this decade.

Table 3. Eco-environmental quality index of “PLES” in Panjin.

Period P1 P2 L1 L2 E1 E2 E3 E4 Evt

2000 0.2691 0.0012 0.0024 0.0176 0.007 0.0009 0.0656 0.005 0.3688
2010 0.283 0.0027 0.0053 0.014 0.0035 0.0026 0.0543 0.0048 0.3702
2020 0.2778 0.0061 0.0061 0.0149 0.0032 0.0024 0.0423 0.0048 0.3576

3.1.2. Analysis of Ecological Contribution Rate

We assessed how the modification of each “PLES” category would affect the ecosys-
tem’s quality, categorizing its effects as positive and negative, and figuring out how the
three phases of the research area’s primary categories changed and how much each phase
contributed. The calculated results are in Appendix A, and the results show that during the
period from 2000 to 2020, the conversion of E4 into P, L2, and E3 was where the positive
impacts were most noticeable. In the period 2000–2020, the negative effect mainly mani-
fested in the degradation of agricultural production areas of rice fields and dry lands, the
degradation of swamps and habitats, etc.

The “PLES” that showed either positive or negative effects from 2000 to 2020 is
organized in Appendix A, and the results presented in Appendix A demonstrate that the
value of the contribution rate in the negative effect was greater than the value in the positive
effect. Consequently, it can be concluded that the negative effect of “PLES” was greater
than the positive effect (Figure 2).
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3.2. Analysis of the Spatial and Temporal Evolution of the “PLES”
3.2.1. Evolution of the Spatial Pattern of the “PLES”

As shown in Figure 4, in the ecological space, E1 showed a decreasing trend, E2
showed an upward–downward pattern, E3 showed a declining pattern, and E4 showed a
decreasing–increasing trend. Overall, the ecological space showed a downward tendency
and decreased to 1145 km2 by 2020, while the production space showed an increasing trend
and increased to 2093 km2 in 2020. A minor portion of the living space was dispersed as
dots close to the production space, while the majority of the living space was placed in
clusters in the top and middle portions of the land. By 2020, it had grown to 380 km2.
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Transfer Matrix Analysis

During the period 2000–2010, P1 and E3 were transferred to an area of 153 km2 and
150 km2, respectively; P2 was mainly converted into E4 (8 km2) and L2 (5 km2), occupying
36.3636% and 22.7273% of the area transferred out, respectively; E3 was mainly converted
into P1 (102 km2), occupying 68.0000% of the transferred area; E4 was mainly converted
into P1 (42 km2), occupying 44.6809% of the converted area.

Between 2010 and 2020, E3 was transferred out the most, mainly to E4 (57 km2), P2
(51 km2), and P1 (31 km2), which accounted for 41.0072%, 36.6906%, and 22.3022% of
the transferred area, respectively, with E3 being transferred to E4 in the most prominent
area. E4 was mainly transferred to E3 (43 km2) and P1 (26 km2), occupying 51.8072% and
31.3253% of the transferred area, respectively, with the smallest area transferred to L2,
which was 2 km2, and L2 was transferred to P1 (3 km2) and E3 (2 km2).

From Table 4 and Figure 5, the following results can be obtained: there were some
differences in the total transfers into and out of the “PLES”, revealing its instability. P1 had
frequent transfers to and from the “PLES”, with a transfer area of 153 km2, representing
26.5165% of the total transfer area; E3 was the second most frequent, with an area of
150 km2, representing 25.9965% of the total transfer area; L1 had only 0.6932% of the
transfers. Therefore, it can be concluded, in descending order, that P1 > E3 > L2 > E4 > P2 >
E1 > E2 > L1. By 2020, the area of other “PLES” in Panjin that had been transferred to P1
was as high as 250 km2, accounting for 43.3276% of the total amount of transfer, followed
by E3, accounting for 12.4783% of the total amount of transfer, which was mainly due to the
local work of “withdrawing from sea-enclosure farming and restoring coastal wetlands”.
This work was launched in 2015, and in August 2018, Panjin further promoted the work
of ‘withdrawing from sea-enclosure farming and restoring coastal wetlands’. By May
2020, Panjin had carried out an 11-day special enforcement operation on “withdrawing
from enclosure farming and restoring the original state of the sea area”, withdrawing 574
farming households and 62,900 acres of farming area. So far, the total area of aquaculture in
Panjin has been cleared and leveled to 85,900 mu, but in general, the area transferred out of
E3 was larger than the area transferred into E3 from other “PLES”, and the area transferred
into E3, so it can be concluded that P1 > E3 > L2 > P2 > L1 = E4 > E2 > E1.
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Table 4. Conversion matrix of different spaces in Panjin from 2000 to 2020 (km2).

Period PLES P1 P2 L1 L2 E1 E2 E3 E4 Sum

2000–2010

P1 1731 18 26 52 3 4 34 16 1884
P2 4 8 3 5 0 0 2 8 30
L1 3 0 40 1 0 0 0 0 44
L2 84 13 22 191 0 1 6 1 318
E1 12 0 0 1 9 5 0 3 30
E2 3 0 0 0 0 2 1 2 8
E3 102 15 4 2 0 2 303 25 453
E4 42 10 0 2 3 8 29 757 851

2010–2020

P1 1883 24 14 20 0 1 10 29 1981
P2 2 61 0 0 0 0 1 0 64
L1 0 0 95 0 0 0 0 0 95
L2 3 0 1 247 0 0 2 1 254
E1 0 0 1 0 14 0 0 0 15
E2 0 0 0 0 0 20 0 2 22
E3 31 51 0 0 0 0 236 57 375
E4 26 12 0 2 0 0 43 729 812
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Changing Attitudes to “PLES” Dynamics

The single dynamic attitude is shown in Table 5. According to the calculation, the com-
prehensive dynamic attitude in 2000–2010 was 0.7974%, and the comprehensive dynamic
attitude in 2010–2020 was 0. 4602%. From the overall point of view, from 2000 to 2020, it
was generally more stable, and from the analysis of the single dynamic attitude, from 2000
to 2010, the L2, E1, and E3, E4 were all negative values, and from 2010 to 2020, E1 and E3
were also negative values. Therefore, from an overall perspective, the area of E3 decreased,
which means that the watershed of Panjin continued to decrease between 2000 and 2020.
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Table 5. Change of land area in “PLES” in Panjin from 2000 to 2020.

PLES
Area (km2) Dynamic Attitude

2000 2010 2020 K00−10 K10−20

P1 1884 1981 1945 0.5149% −0.1817%
P2 30 64 148 11.3333% 13.1250%
L1 44 95 111 11.5909% 1.6842%
L2 318 254 269 −2.0126% 0.5906%
E1 30 15 14 −5.0000% −0.6667%
E2 8 22 21 17.5000% −0.4545%
E3 453 375 292 −1.7219% −2.2133%
E4 851 812 818 −0.4583% 0.0739%

3.2.2. Evolution of the “PLES” Structure
“PLES” Growth and Reduction Based on the Geo-Spectrum

The growth and reduction based on the geo-spectrum were calculated based on the
transfer-in matrix, where a transfer from one type of space to another means that the space
transferred to is shown as an up-trend, while the space transferred from is shown as a
down-trend, so upward and downward mapping was used to further analyze the spatial
expansion, with separate spatial representations of transfers into and out of each land use
type over multiple periods. Figure 6 and Table 6 show that between 2000 and 2010, the
upward trend of P1 was the strongest, with a transfer-in area of up to 250 km2, mainly
scattered in Panjin, and during 2010–2020, the upward trend of E4 was the strongest, with
a transfer-in area of 89 km2, mainly distributed near the river. In 2000–2010, the downward
trend of both P1 and E3 was stronger, with 153 km2 and 150 km2, respectively, and in
2010–2020, E3 has the strongest downward trend, up to 139 km2. In the period 2000–2020,
as a whole, in 2020, the decline in P1 had improved compared with the previous period,
mainly because the state attaches great importance to food security and the protection
of cultivated land, regards cultivated land as the lifeblood of food production, and will
implement the most stringent system of cultivated land protection to protect cultivated
land as it does the giant panda. China emphasized that by the end of 2020, the 1.8 billion
mu of arable land that make up the red line should be properly protected, thus preventing
illegal use changes, “zero tolerance” for the illegal occupation of arable land, and resolutely
curbing the “de-farming” of arable land.
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Table 6. “PLES” change in Panjin from 2000 to 2020 (km2).

Period Variation P1 P2 L1 L2 E1 E2 E3 E4

2000–2010
W1 250 56 55 63 6 20 72 55
W2 153 22 4 127 21 6 150 94

2010–2020
W1 62 87 16 22 0 1 56 89
W2 98 3 0 7 1 2 139 83

W1: increased; W2: decreased.

3.2.3. Characteristics of the Evolution of the Center of Gravity of the “PLES”

The spatial trajectories of various “PLES” were specified using center of gravity
migration models. As shown in Figure 7, this is most obviously in E4, E1, and E2. Between
2000 and 2020, the center of gravity of E3 and P2 was concentrated in the Dawa District of
Panjin; L1 was concentrated in the Xinglongtai District of Panjin; E4 shifted from the Dawa
District to the Xinglongtai District; E1 shifted from Xinglongtai District to Panshan County;
and E2 shifted from Panshan County to Xinglongtai District.
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The Dawa District, rich in oil and natural gas reserves, is the main producing area
of the Liaohe oil field, located in Dawa District, Panjin. The Panjin Lingang Economic
and Technological Development Zone was established in 2010, and the development
zone focuses on the development of grain and oil biotechnology, new material products,
equipment manufacturing, and fine chemicals. By taking the opportunity to expand the
development of the high-end petrochemical industry in Liaoning Province, the strategic
advantage of the Panjin National Petrochemical Industry Base has been fully exploited.
As P2 is concentrated in the Dawa District and there has been a downward development
trend, the Panjin Lingang Economic and Technological Development Zone is located in the
south of Dawa District. Panshan County is rich in forest resources, and in around 2000,
Panshan County Forestry was established. In Panshan County, the forest area is about
16,000 acres, and the Panshan Forest Park is located in Panshan County, where the total area
is a whopping 2443 acres with a wide variety of tree species totaling around 500,000 trees,
showing that Panshan County is predominantly forested. On the other hand, Xinglongtai
District has added 10.7 hectares of new green space, 4.5 hectares of replenished green space,
and three new pocket parks, so the center of gravity of E2 has shifted to Xinglongtai District.
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Both urban and rural areas are concentrated in Xinglongtai District, which has a total area
of 194 square kilometers including 88.8 square kilometers of construction land, 91.3 square
kilometers of arable land, and has 7 major companies and institutions. In 2010, Dawa’s
basic competitiveness ranked among the top 100 counties (cities) in the country. Due to
its convenient transport links and as a hub between Liaonan, Liaoxi, and Liaozhong, L1
is concentrated in Xinglontai, but still has a tendency to develop toward Dawa. The reed
swamp belongs to unused land, which belongs to the scope of E4, and the reed swamps in
Panjin are concentrated in Dawa and Xinglontai. in 2019, Xinglongtai District established
the Panjin Reed Sea Dingxiang Tourism Resort, which is the world’s first, largest reed
swamp bed due to long-term human protection and good reed swamp growth, so the
center of gravity of E4 has shifted to Xinglongtai District.

3.3. Analysis of the Drivers of “PLES”

For “PLES” changes, land use changes are mainly analyzed before further analyzing
“PLES” changes, which are mainly influenced by environmental as well as anthropogenic
factors. Finally, a geoprobe analysis was conduced with the single dynamic attitude of
“PLES” as the dependent variable.

3.3.1. Parameter Optimal Classification Method Selection

In this paper, different classification methods and different categories were applied
to each impact factor for a comparative analysis, and finally, a suitable classification
method and the number of categories. The classification methods included equal interval,
natural breaks (Jenks), and geometrical interval, and the number of categories was three,
five, and seven. The comparison of the different results is shown in Figure 8, which
shows that the best result was achieved when applying the geometrical interval method to
classify five categories. Therefore, the classification method selected in this paper was the
geometrical interval method and the number of categories was five.
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3.3.2. Factor Detection Analysis

Table 7 indicates that the p-value and q-value of the various factors varied, and the
factors with a strong significance on the evolution of the “PLES” included the average
annual temperature, average annual precipitation, population density, distance from roads,
and GDP. It also demonstrates that the evolution of the “PLES” was influenced by both
natural and socioeconomic causes. The average annual temperature had the biggest
influence on how the “PLES” evolved, primarily because temperature changes impact
human living conditions and quality of life while also encouraging urbanization and
affecting crops in the production area. In the event of persistently extreme weather, these
changes will also result in the evolution of industry and the sustainability of the ecology.
Elevation, slope, and distance to water sources had a small impact on the development of
the “PLES”, mainly because Panjin is located in the Liao-Zhong Plain, so the elevation of
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the city does not fluctuate much, and the slope will not change if the elevation remains
the same all year round, so the impact is small. The main rivers that flow through Panjin
are the Liao River and the Hun River. The Liao River is one of the seven major rivers in
China, and the Hun River is also known as the Little Liao River, so the main river bodies
and tributaries of the two will not change too much over time, so the influence of distance
from the river is also small.

Table 7. Findings from identifying the “PLES” evolving elements.

Impact Factor q Statistic p-Value

DEM 0.001083 0.527226
Slope 0.000874 0.625379
Mean annual temperature 0.028591 0
Mean precipitation 0.006666 0
Density of population 0.005367 0.005002
Distance from road 0.018831 0
Distance from river 0.000392 0.882299
GDP 0.005999 0

3.3.3. Analysis of Factor Interaction Detection

Since the various influencing factors were combined, geodetectors were applied to
conduct an interaction analysis to analyze the interaction of two factors. As shown in
Figure 9, the result of every two-factor interaction is an enhancement of influence, mainly
nonlinear enhancement (i.e., the intersection of the two influences is greater than the sum
of their influences). Only the interaction of distance from the road and GDP was a two-
factor enhancement (i.e., the result of the intersection of the two influences is greater than
the maximum of their values). The relatively strongest explanatory power was seen for
the interaction of mean annual temperature with other factors, and the strongest for the
interaction of mean annual temperature with population density.
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3.4. Discussion

This paper’s primary goal was to examine how the “PLES” worldview had changed
in Panjin, further analyze the ecological changes based on its changes, and finally, study
the factors affecting the changes. In this paper, compared to the previous transfer matrix
only approach to studying land change, the area transferred into or out of the transfer
matrix was used for growth and reduction based on the geo-spectrum, and the two were
combined to observe the expansion of the “PLES”. This study’s findings are intended
to offer recommendations for future zoning optimization and land change analysis from
the standpoint of the “PLES”. The study’s findings indicate that between 2000 and 2020,
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Panjin’s ecological environment’s quality somewhat deteriorated, and it is necessary to
find the reasons for this and to strengthen the protection of the ecological environment.
According to the “PLES” perspective, the living space exhibits a steadily increasing trend,
which fuels the expansion of production space and causes the ecological space to be
squeezed to exist. After analyzing the driving factors with a geodetic detector, it was
found that Panjin is located in the plains, and the terrain does not change much throughout
the year, so natural factors such as elevation, slope, and river play a very small role in
influencing its evolution, and the strongest explanatory power for the spatial evolution
of the natural factors was the average annual temperature, which is also consistent with
previous studies [29,30]. In addition, socio-economic factors also had some influence on
spatial evolution, such as distance from the road, which had the second highest explanatory
power. Therefore, it is necessary to analyze the combination of natural and socio-economic
factors to make reasonable optimization suggestions such as building green belts on both
sides of the road. In studies from the perspective of “PLES” including those focusing on the
evolution of “PLES” and the ecological value of “PLES”, only the study of the “PLES” itself
is considered [31,32], which neglects the study of the driving factors of the evolution of
“PLES”. The mechanisms guiding the evolution of the Panjin “PLES” are explained in this
research, which also takes into account the impact of natural and socioeconomic variables
to provide a basis for future urban planning and the rational use of national resources.
However, although the hotspot of current research on “PLES” is to combine analysis to
provide different zoning rationalization suggestions for future urban development [33,34],
the text did not involve this aspect, so it is necessary to quantitatively express and put
forward targeted suggestions in subsequent research. The research data in this paper
had a low resolution, generally 1 km, so subsequent research could try to obtain high-
precision data.

4. Conclusions
This study examined the spatial and temporal evolution of “PLES” and the changes

in ecological quality in Panjin from 2000 to 2020 using the ecological environment quality
index model, growth and reduction based on the geo-spectrum, the center of gravity
migration model, and optimal parameters-based geographical detector model, and the
particular findings are as follows:

(1) In terms of the evolution of the “PLES” pattern, by 2020 the production and living
spaces will continue to increase to 2093 km2 and 380 km2 respectively, while the
ecological space will show a general downward trend and decrease to 1145 km2.
Further analysis according to the change in the area shows that the center of gravity
of P2, L1, E3, and E2 is shifting southwards, while the center of gravity of E1 is
shifting northwards, mainly due to the establishment of protected areas by relevant
enterprises to protect a certain resource, the demand for education, the desire for a
good job and the response to the local demand for environmental protection.

(2) From the development of the pattern of “PLES”, it can be seen that the ecological space
area is decreasing, and then the ecological effect of “PLES” is studied by using the eco-
logical environment quality index as well as the ecological contribution rate method,
and from 2000 through 2020, the index shows a general declining pattern, and the
value of the ecological contribution rate of the negative effect is larger than the value
of the positive effect, so the ecological condition of Panjin is getting worse, so Panjin
should strengthen the scientific planning and ecological environment management of
“PLES” to enhance the ecological surroundings quality of Panjin.

(3) Natural and social factors work together to form and develop the “PLES”, and the
results of geographic exploration indicate that, of the natural factors, the annual
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average temperature has the biggest impact on the development of the “PLES”. The
use of geographic probes to analyze the interaction of the two factors also reveals that
the ultimate outcome of each factor’s interaction with the other is an increase in the
influence of the two factors, The final result gives the strongest explanatory power in
the two-factor interaction, as mean annual temperature interacts with the density of
population. Overall, the mean annual temperature and density of the population are
the key factors affecting the ecological environment in Panjin, therefore, ecological
protection zones should be created and population patterns should be optimized in
order to reduce the impact of humanity activity on the environment.
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Appendix A

Table A1. Ecological contribution rate: positive effect during 2000–2010.

Period Type of
Transformation

Conversion
Area/km2

Ecological Contribution
Rate (10−4)

Percentage of
Contribution Rate (%)

2000–2010

P1−E1 3 2.7 1.27%
P1−E3 34 0.6 0.28%
P2−P1 4 4.1 1.94%
P2−L1 3 0.4 0.19%
P2−L2 5 0.7 0.33%
P2−E3 2 2.1 0.99%
L1−P1 3 2.6 1.23%
L2−P1 84 73.6 34.73%
L2−E2 1 0.6 0.28%
L2−E3 6 5.4 2.55%
E2−P1 3 0.8 0.38%
E2−E3 1 0.3 0.14%
E4−P1 42 57.5 27.14%
E4−P2 10 3.6 1.70%
E4−L2 2 1 0.47%
E4−E1 3 6.8 3.21%
E4−E2 8 8.8 4.15%
E4−E3 29 40.3 19.02%

sum 211.9 100.00%
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Table A2. Ecological contribution rate: positive effect during 2010–2020.

Period Type of Trans-
formation

Conversion
Area/km2

Ecological
Contribution
Rate (10−4)

Percentage of
Contribution

Rate (%)

2010–2020

P1−E3 10 0.2 0.19%
P2−P1 2 2 1.85%
P2−E3 1 1 0.92%
L2−P1 3 2.6 2.40%
L2−E3 2 1.8 1.66%
E4−P1 26 35.6 32.90%
E4−P2 12 4.3 3.97%
E4−L2 2 1 0.92%
E4−E3 43 59.7 55.18%

sum 108.2 100.00%

Table A3. Ecological contribution rate: negative effect during 2000–2010.

Period Type of
Transformation

Conversion
Area/km2

Ecological Contribution
Rate (10−4)

Percentage of
Contribution Rate (%)

2000–2010

P1−P2 18 18.2 9.10%
P1−L1 26 22.8 11.40%
P1−L2 52 45.5 22.75%
P1−E2 4 1.1 0.55%
P1−E4 16 21.9 10.95%
P2−E4 8 2.8 1.40%
L2−P2 13 1.8 0.90%
L2−E4 1 0.5 0.25%
E1−P1 12 10.7 5.35%
E1−L2 1 1.8 0.90%
E1−E2 5 5.8 2.90%
E1−E4 3 6.8 3.40%
E2−E4 2 2.2 1.10%
E3−P1 102 1.9 0.95%
E3−P2 15 15.5 7.75%
E3−L1 4 3.6 1.80%
E3−L2 2 1.8 0.90%
E3−E2 2 0.6 0.30%
E3−E4 25 34.7 17.35%

sum 200 100.00%

Table A4. Ecological contribution rate: negative effect during 2010–2020.

Period Type of
Transformation

Conversion
Area/km2

Ecological Contribution
Rate (10−4)

Percentage of
Contribution Rate (%)

2010−2020

P1−P2 24 24.3 10.52%
P1−L1 14 12.3 5.32%
P1−L2 20 17.5 7.57%
P1−E2 1 0.3 0.13%
P1−E4 29 39.7 17.18%
L2−E4 1 0.5 0.22%
E1−L1 1 1.8 0.78%
E2−E4 2 2.2 0.95%
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Table A4. Cont.

Period Type of
Transformation

Conversion
Area/km2

Ecological Contribution
Rate (10−4)

Percentage of
Contribution Rate (%)

2010−2020
E3−P1 31 0.6 0.26%
E3−P2 51 52.7 22.80%
E3−E4 57 79.2 34.27%

Sum 231.1 100.00%
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